Although autonomic failure, parkinsonism, and cerebellar and pyramidal signs are well documented in multiple system atrophy, much less is known about the frequency and severity of involvement of the peripheral nervous system. The frequency and nature of peripheral nerve involvement has therefore been determined in 74 patients with multiple system atrophy using nerve conduction studies and skeletal muscle EMG. These findings were compared with those on sphincter EMG. Ninety per cent of the patients had an abnormal sphincter EMG, indicating denervation and reinnervation consistent with anterior horn cell loss in Onuf's nucleus, but only 40% 
involvement has therefore been determined in 74 patients with multiple system atrophy using nerve conduction studies and skeletal muscle EMG. These findings were compared with those on sphincter EMG. Ninety per cent of the patients had an abnormal sphincter EMG, indicating denervation and reinnervation consistent with anterior horn cell loss in Onuf's nucleus, but only 40% had either abnormal nerve conduction studies (mixed sensorimotor axonal neuropathy in 17 .5%) or abnormal skeletal muscle EMG (suggesting partial denervation in 22-5%).
These data indicate a remarkable selective vulnerability of the anterior horn cells of Onuf's nucleus innervating external sphincter muscles relative to those supplying skeletal muscle in patients with multiple system atrophy. If this selective pattern of involvement can be explained it may be a clue to pathogenetic mechanisms in multiple system atrophy. ( Nerve conduction studies, skeletal muscle EMG, and sphincter EMG in multiple system atrophy noted at mean age 57-3 (range 36-67) years.
Lower motor neuron signs with reduced (n = 1) or absent (n = 3) reflexes and muscle wasting (n = 4) were reported in four (5%) patients, and fasciculations were found in one. Sensory disturbances were present in 21 (28%) patients (paraesthesiae, 13; loss of vibration sense, nine; impaired sensation of light touch and pinprick, two; and burning pain one).
Respiratory stridor was present in 22 (30%) of the 74 patients, four of whom underwent tracheostomy. Mean age at onset of this symptom was 52-9 (range 39-67) years. NERVE The mean age at the time of pathological sphincter EMG was 52-8 (range 38-67) years, and mean duration between onset of micturition dysfunction and sphincter EMG was 3-7 (range 1-10) years. The mean age at the time of pathological peripheral electrophysiological studies was 56-6 (range 49-67) years for the partial denervation group, and 49-8 (range 48-66) years for the neuropathy group). The comparison between the sensitivity of the two techniques for detecting abnormality has been biased against sphincter EMG, as this test was performed a mean of 3-8 years before the general neurophysiology. It could well be that if sphincter EMG had been performed when the patients were in a more advanced stage an even higher proportion of abnormalities might have been found.
Of the 35 patients who underwent both investigations, 31 (89%) had an abnormal sphincter EMG. Twenty five (81 %) of these 31 had normal nerve conduction studies and 23 (74%) normal skeletal muscle EMG. Among the four patients with normal sphincter EMG, nerve conduction studies were normal in all four, and skeletal muscle EMG 0Pramstaller, Wenning, Smith, Beck, Quinn, Fowler abnormal in one. One or other peripheral electrophysiological study abnormality was therefore found in 14 (45%) of these 31 patients. x2 Tests showed no significant association between an abnormal sphincter EMG, and abnormal peripheral nerve conduction studies or skeletal muscle EMG.
Among the 22 patients with a history of respiratory stridor, 100% also had a pathological sphincter EMG.
Discussion
Our data emphasise the important diagnostic role of sphincter EMG by contrast with peripheral electrophysiological studies in multiple system atrophy. Thus 94% of the patients with multiple system atrophy in this study had an abnormal sphincter EMG with signs of denervation and re-innervation. The striated muscles of the urethral and anal sphincters are supplied by Onuf's nucleus, a slender longitudinal cell group extending from the middle of S2 to the rostral one third of S3.16 Loss of these neurons is followed by re-innervation of target muscles, probably as a result of collateral sprouting of surviving motor neurons, analogous to that seen in skeletal muscle of patients with motor neuron disease.17 This results in prolonged, polyphasic potentials of increased amplitude. The external sphincter muscles differ from skeletal limb muscles in exhibiting tonic EMG activity, which persists even during sleep and general anaesthesia.18 The posterior cricoarytenoid muscle, supplied by the nucleus ambiguus, also shows similar tonic activity to maintain abductor tone. It is recognised that laryngeal stridor and defects of phonation are often seen in multiple system atrophy, and EMG studies of the posterior cricoarytenoid muscle have also shown unequivocal evidence of denervation in this condition, ' 17 20 have shown that detrusor hyperreflexia and incomplete bladder emptying are often found in patients with multiple system atrophy, and it is presumably these disorders that are more important in causing the early, severe incontinence so characteristic of the disease.
Anterior horn cells supplying skeletal musculature are of three distinct types in terms of cell body size, location, and function: large a motor neurons and medium sized y motor neurons mainly located in the lateral and medial nuclei, and small neurons distributed in the intermediate zone (dorsomedial part) of the spinal anterior horn.2' Distinct disease specific patterns of neuronal cell loss in degenerative anterior horn cell disease have been postulated by Terao et al. 8 They found that in multiple system atrophy, by contrast with amyotrophic lateral sclerosis, small neurons in the intermediate zone are very depopulated, whereas large medium sized neurons of the medial and lateral nuclei tend to be preserved. The specific loss of these neurons, which seem to serve as interneurons, could play a part in the generation of muscular rigidity and possibly also of the pyramidal signs seen in patients with multiple system atrophy. 8 The pathogenetic mechanism underlying selective anterior horn cell loss in Onufs nucleus with relative preservation of other anterior horn cell groups, however, remains unknown.
We conclude that nerve conduction studies and skeletal muscle EMG are each normal in about three quarters of patients with multiple system atrophy. By contrast, sphincter EMG studies are frankly pathological in almost all patients, suggesting a differential, selective vulnerability of different anterior horn cell groups within the spinal cord.
